ABSTRACT: Usually known as jenipapo, Genipa americana L. is a Rubiaceae Brazilian native species. It is an important species in the restoration of Brazilian riparian forests and is one of the most promising fruit trees for sustainable harvesting programs. In this study we provide the first data on the genetic diversity and structure of a Jenipapo Germplasm Bank using inter simple sequence repeat (ISSR) markers. We evaluated 160 accessions from wild populations, and the data generated from 12 ISSR primers were used to determine genetic variability via a model-based Bayesian procedure (Structure) and molecular variance analysis. In addition, Shannon index, genetic diversity and Jaccard coefficients were estimated. A total of 12 primers were used, which generated 123 polymorphic fragments. Four groups were formed from the analysis of the fragments, and the CR1-2 genotype was isolated, being more divergent than the other genotypes.
Introduction
The Rubiaceae family has 550 genera and approximately 9,000 species. It is one of the largest families of angiosperms (Souza and Lorenzi, 2005) . The Genipa is in the Ixoroideae subfamily and the Gardenieae tribe and is recognized as a taxon that has just two species: G. americana L. and G. infundibuliformis Zappi & Semir. The first species is native and is cultivated throughout the Neotropics, from Mexico to Patagonia, and the second species is found only in central-southern Brazil (Delprete et al., 2005) .
The cultivation of this species is primarily extractive. Commercial exploitation, however, has been encouraged and is especially recommended in the recovery of degraded areas. It is a neotropical wood plant that shows adaptive capabilities when confronted by adverse conditions, such as soil flooding (Barbosa et al., 2007) . Genipa americana L. (jenipapo) has economic importance because its fruits are consumed in natura or used in industrial foods for the production of sweets, jams, jellies and liqueurs. The green fruits provide a juice with a bluish color, which is often used as a dye. Furthermore, the fruits are used in traditional medicine to treat anemia, icterus, asthma, and liver and spleen problems (Conceição et al., 2011) .
Considering the high potential of the jenipapo and the need for preservation of its genotypes, the Jenipapo Germplasm Bank (JGB) was created in 2009 at the Brazilian Enterprise for Agricultural Research -Embrapa Coastal Tablelands, in the city of Nossa Senhora das Dores, in the state of Sergipe, Brazil (10°27'50,0" S and 37°11'39,5" W), consisting of 160 genotypes.
To measure genetic diversity, molecular tool ISSR markers (Inter simple Sequence Repeats), based on PCR techniques and with high reproducibility, are widely used in population genetics and in germplasm characterization (Wakte et al., 2012) . Few studies on the genetic diversity have been performed with jenipapo, such as Sebbenn et al. (2003) using isoenzymes and using RAPD.
Information about the genetic diversity in a germplasm bank can be used in breeding programs, and allows for the identification of duplicates and germplasm exchange between researchers, thus providing basic information for the establishment of management practices for the preservation of this species. This study evaluates the genetic structure of Genipa americana L. from JGB using ISSR markers.
Materials and Methods
DNA of JGB accessions was isolated from young leaves as described by Doyle (1991) . We used 160 genotypes: 150 belonging to the species Genipa americana L. and 10 to the species Genipa infundibuliformis Zappi & Semir. The collection was created using fruits collected randomly from natural populations in the states of Bahia, Ceará and Sergipe (Table 1) .
For ISSR, 12 primers from Operon were used (Pinheiro et al., 2012) to screen for polymorphisms (Table  2) . Polymerase chain reaction (PCR) amplifications were performed using a PTC-100 thermocycler, with reactions consisting of 5-min initial denaturation at 95 ºC, followed by 45 cycles of denaturation at 94 ºC for 1 min, primer annealing at 52 ºC for 1 min and extension at 72 ºC for 45 s, and one final extension step at 72 ºC for 10 min.
Fragments were visualized on 2 % agarose gel [1 x TBE -89 mM Tris, 89 mM boric acid, 2.5 mM ethylenediaminetetraacetic acid (EDTA), pH 8.3] in a horizontal electrophoresis system run at a constant voltage of 100 V ) for 15 min. ISSR amplification products were visualized under ultraviolet light using a Gel Doc L-Pix imaging system.
Only data from intensely stained, unambiguous and clear fragments were used for statistical analysis. ISSR markers were scored as present (1) or absent (0). The minimum number of fragments required to conduct the genetic diversity study was based on Oliveira et al. (2010) , and were analyzed by the bootstrap method (Manly, 1997) with 10,000 replicates using the DBOOT software package. The number of polymorphic fragments was considered to be optimal when the coefficient variation was lower than 5 %.
A data matrix of ISSR scores was generated, and similarity coefficients were calculated using Jaccard's arithmetic complement index. A dendrogram was constructed using the Unweighted Pair Group with Arithmetic Mean (UPGMA) cluster algorithm. To determine dendrogram robustness, the data were bootstrapped with 10,000 replicates using FreeTree software (Pavlicek et al., 1999) . Principal coordinates analysis method (PCoA) was performed using the software package XL-STAT (Addinsolft, 2009) based on the calculated Jaccard's similarity coefficients.
Inferences regarding genetic structure within jenipapo genotypes were made using Structure version 2.2. (Pritchard et al., 2000; Falush et al., 2007) . To estimate K, the number of reconstructed panmictic populations (RPPs) of individuals was calculated, using values ranging from 1 to 10 and assuming that the sampled genotypes were from anonymous plants of unknown origin (use popinfo and popflag set to 0). The program Structure estimates the most likely number of clusters (K) by calculating the log probability of data for each value of K (Santos et al., 2011) . We assessed the best K value supported by the data according to Evanno et al. (2005) .
The polymorphic information content (PIC) was calculated according to Ghislain et al. (1999) , and the marker index (MI) was determined as described by Zhao et al. (2007) . The Shannon diversity index -I (Brown and Weir, 1983) , genetic diversity -H (Lynch and Milligan, 1994; Maguire et al., 2002) , and analysis of molecular variance -AMOVA (Michalakis and Excoffier, 1996) was estimated using Genalex v.6.3.
Results and Discussion
A total of 123 fragments, all polymorphic, were generated using the 12 primers ( Table 2 ). The primer with the highest number of fragments (12) was HB11. The primer 814 had the lowest number of fragments (8). The PIC value was 0.21 (0.12 to 0.29), and the global value MI was 2.12 (1.21 to 2.94). A directly proportional relationship exists between the number of fragments analyzed and the variance (Figure 1) . These results indicate a clear variance decrease when the number of fragments increased, according to Silva et al. (2013) . From the analysis using software DBOOT, it was observed that the variation coefficient was stabilized once 75 fragments had been generated, that were 100 % polymorphic. A directly proportional relationship exists between the number of fragments and the variance, with the value below 0.01, which suggests that the results obtained by the fragments used in this study (123) can be used for the diversity analysis.
The ISSR markers are used in many parts of the world to measure genetic fidelity and genetic diversity in Rubiaceae (Mishra et al., 2011; Oliveira et al., 2010) . The high level of polymorphism observed in this study agrees with the results of previous genotyping studies using RAPD . From the AMOVA (Table 3) , it is possible to observe the genetic variability distribution pattern (PhiPT 0.43, *** p < 0.001), which ranges between and within the population accessions. The genetic diversity is higher within accessions (57 %) than among them (43 %). These values reflect a strong genetic population structure, i.e., the gene flow rate among accessions is low.
The genetic distance estimated by Jaccard's similarity coefficient among 160 accessions was used to construct the UPGMA dendrogram (Figure 2) . In Group 1 (C1), there is a grouping of accessions, with most genotypes from the states of Sergipe and Bahia. In the second subgroup (C2), consisting of accessions MS, MR, IT and SO, from the states of Ceará and Sergipe, it can be observed that MR-3 (0.08) and LA-8 (0.16) are the most distant. It is noteworthy that a distinction can be found between many accessions within subgroups in the dendrogram, suggesting the existence of differentiation between accessions of the same origin. The C3 group is formed by accessions from regions AR3, CV and LA, and the LA-10 and LA-7 pair is the most similar (0.94). The C4 group is composed of the CR1-2 genotype. This distance may indicate a strong differentiation process, which is the consequence of genetic erosion, whereby accessions are subject to fragmentation areas representing their sites of origin. This process can occur as a result of interbreeding between convergent and divergent individuals.
Bayesian analysis (Structure) was performed to analyze the genetic structure of the Jenipapo Germplasm Bank. Clustering was awarded to individuals for RPP based on the genotype. The Structure software estimates the most probable number of clusters (K) by calculating the log likelihood of data for each value of K and by ΔK statistics of Evanno et al. (2005) . The best K to represent RPP genotypes was K = 3 (RPP1 the RPP3) (Figure 3) . The first Reconstructed Populations (RPP1) includes 66 genotypes, with probability of membership (qI) > 80 %, represented by accessions AR3, AR4, IT, LA, MR and MS from the state of Sergipe, and CV from the state of Ceará. The second RPP (RPP2) consists of 35 genotypes and (qI) > 80 %, including accession BA (Bahia), in addition to CR1, CR2, CR3 and AR2 (AR2 and AR2-2-9) with (qI) < 80 %. The third RPP (RPP3) contains 59 genotypes, with probability of membership (qI) > 80 % in accessions AJ, AR1, AR2, CA, CR4 and CR5, including the CR3-10 genotype with (qI) < 80 %. The same technique has been used in other germplasm banks to identify variability and for the identification of sub-populations (Santos et al., 2011; Pereira-Lorenzo et al., 2008) .
Genetic distances were also examined between individuals within the total population studied using a multivariate ordination (PCoA; Figure 4) , where the first two principal coordinates explained 24 % of the total variability. The groups of accessions are clearly observed according to their variability as defined by the Structure software (Pritchard et al., 2000) . The CR1-2 genotype is isolated as proposed by the UPGMA method, suggesting that this group is the most divergent. Comparing information between the UPGMA cluster and PCoA, it was observed that the groups formed by genotypes from Bahia, Ceará and Sergipe appear to be genetically related. The CR1-2 genotype shows the highest genetic difference. A large number of subjects are grouped in RPP1, similar to the larger number of genotypes in the CI group produced by the UPGMA cluster. Information on genetic diversity can help in implementing breeding programs, thus avoiding duplication or mixtures of genotypes in studies of germplasm conservation programs. The molecular characterization of the germplasm genetic structure and diversity can provide useful data to assist the breeder in identifying and selecting clones or relatives for establishing a breeding program.
In all analyses, accessions from the state of Bahia (BA) are genetically close to those from the state of Sergipe, in particular from the region of Lagarto (CR1, CR2 and CR3). It is possible to observe their isolation in the groups, which is confirmed by the structure analysis (RPP3), UPGMA and PCoA. The region showing the highest value is IT (0.26), followed by LA (0.24). Genetic diversity (H) is 0.14, with IT (0.17) also showing the highest value, followed by BA (0.16). The polymorphic loci show a total of 42 % among accessions (Table 4) .
Low H value (0.14) suggests low diversity in germplasm. Under natural conditions, the H value is always expected to be different from zero, because individuals are likely to incorporate new alleles by crossing, even in small or fragmented populations, in addition to losses due to genetic drift. In this study, the Shannon Index (0.21) is considered to be moderate, most likely because the sample size is up to ten individuals. The values found are similar to those obtained by , with an average value of 0.33 (I) and 0.22 (H), in accessions from the 'moringa' germplasm bank (Moringa oleifera L.) and by Silva et al. (2013) in neem Table 4 -Shannon index (I), Genetic Diversity (H) and percentage of polymorphic loci (P %) in 160 genotypes of Genipa Americana L. from Germplasm Bank in Brazil, using ISSR primers.
Origin I (± dp) H (± dp) P % Figure 3 -Reconstructed populations (RPP1 3) defined using Structure (Pritchard et al., 2000) for 160 Genipa americana L. genotypes from Brazil using ISSR markers.
germplasm (Azadirchta sp.), with 0.22 (I) and 0.14 (H). The results suggest the JGB needs new introductions to incorporate new alleles to increase the genetic diversity.
Conclusions
The genetic variation of Genipa Americana L. was efficiently determined using ISSR markers, identifying four distinct groups that can be used in the reclassification of accessions in future breeding and conservation programs. The CR1-2 genotype is genetically isolated from the other accessions.
